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ABSTRACT 


One  hundred  and  nineteen  Bn  1 1  tile  stabilized  homli 
configurations  were  studied  to  determine  the 
feasibility  of  ram  air-inflated  Ballutes  as  stabili¬ 
zers  or  deceleratnrs  for  various  tactical  missions. 
Both  subsonic  and  transonic  wind  tunnel  tests  were 
conducted  to  define  static  and  dynamic  aerodynamic 
characteristics. 
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Item 

Page 

Static  aerodynamic  data 

Tabulated 

Plotted 

354 

Dynamic  stability  data 

T  abulated 

Plotted 

General  data 

Model  weight  =  not  applicable 

Moment  of  inertia  ■  not  applicable 


Description  of  components 

Nose  shape  ■  1.0  caliber  ojjivo 

Tripper  =»  nono 

Fineness  ratio  *  4.0  culibor 


Stabiliser 
Burble  fence 
Boattail 
St rakes  (8) 


see  sketch 
sou  sketch 
none 
none 


Figure  218.  Model  Specification  for  Configuration  102 


Static  aerodynamic  data 

Tabulated 

Plotted 

356 

Dynamic  lability  data 

Tabulated 

Plotted 

General  data 

Model  weight  *  not  appl: cable 
Moment  of  inertia  *  not  applicable 


Description  of  component* 


Nose  shape 

S 

1 .0  cal  ibur  ogive 

Tripper 

* 

none 

Fineness  ratio 

- 

4.0  caliber 

Stabilizer 

2 

so  sketch 

Burble  fence 

= 

soo  sketch 

Boattail 

* 

none 

Strakes  (8) 

S 

none 

ANGLE-OF-ATTACK  -  DEGREES 

Figure  221.  Graphic  Static  Aerodynamic  Test  Data:  Configuration  103 
(Test  No.  E  8) 


It  am 


Static  aerodynamic  data 
Tabulated 
Plotted 

Dynamic  atability  data 
Tabulated 
Plotted 


General  data 

Model  weight  «  not  applicable 
Moment  of  inertia  *  not  applicable 


Description  of  component! 

Note  shape  »  1.0  caliber  ojilve 


Tripper 
Fineness  ratio 
Stabiliser 
Burble  fence 
Boattail 
Strakes  (8) 


none 

4,0  caliber 
see  sketch 
see  sketch 
none 
none 


Remarks 


Figure  222.  Model  Specifications  for  Configuration  104 


Item _  Page 


Static  aerodynamic  data 
Tabulated 

Plotted  360 

Dynamic  stability  data 
Tabulated 
Plotted 


General  data 

Model  weight  ■  not  applicable 
Moment  of  inertia  >  not  applicable 


Description  of  components 

Nose  shape  »  caliber 
Tripper  ■  none 

Fineness  ratio  ■  4.0  cultbor 

Stabilixer  »  see  sketch 

Burble  fence  =  sso  sketch 

Boattail  ■  none 

Strakes  (8)  •  none 


ugi  ve 


Remarks 


Figure  224.  Model  Specification  for  Configuration  105 
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Item 


Page 


Static  aerodynamic  data 
Tabulated 

Plotted  3b2 

Dynamic  stability  data 
Tabulated 
Plotted 


General  data 

Model  weight  ■  not  appl icable 
Moment  of  inertia  ■  not  appll cable 


Description  of  components 

Nose  shape  ■  1<0  caliber  ogivu 
Tripper  «  none 

Finenese  ratio  ■  4.0  caliber 

Stabiliser  ■  see  sketch 

Burble  fence  ■  see  sketch 

Boattail  ■  none 

Strakes  (8)  ■  none 


Remarks 


Figure  226.  Model  Specifications  for  Configuration  106 
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NORMAL  COEFFICIENT 


Item 


Static  aerodynamic  data 
Tabulated 

Plotted  364 

Dynamic  stability  data 
Tabulated 
Plotted 


-*•  .2  CAL 

••-2.54  -*■ 

CAL 
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i — r  r 

(  C 
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|  2.0  2.2 
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L  _  J 
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.  CAL-  CAL 

Nl 

. i _ L 

L~  3. 78  CAL  — 

V 

h—  4.68 

CAL. 

’ 

General  data 

Model  weight  “ 

not  appl 1 

cable 

Moment  of  inertia  ■ 

not  appli 

cable 

Description  of  components 

Nose  shape  ■  1.0 

caliber  >< 

v;ive 

Tripper 

■  none 

Fineness  ratio  *  4.0 

cal i bor 

Stabilizer 

a  goo 

sketch 

Burble  fence  =  see 

sketch 

Boattail 

■  none 

Strakes  (8)  ■  none 

Remarks 


Figure  228.  Model  Specifications  for  Configuration  107 
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MOMENJT  COEFFICIENT  CM 


■  >  -.win* 


Item 

Page 

Static  aerodynamic  data 

Tabulated 

Plotted 

366 

Dynamic  stability  data 

Tabulated 

Plotted 

1 

0.7  CAL 


5.e 

«* —  6 . 


1.5  CAL  1.53  CAL 


62  CAL 
.07  CAL 


General  data 

Model  weight  “  not  applicable 

Moment  of  inertia  *  not  applicable 

Description  of  components 

Nose  shape  b  1-0  caliber  ogive 


Tripper 
Fineness  ratio 
Stabiliser 
Burble  fence 
Boattail 
Strakes  (8) 


emaras 


none 

4.0  caliber 
see  sketch 
see  sketch 
none 
none 


Figure  230.  Model  Specifications  for  Configuration  108 
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Figure  231. 


Graphic  Static  Aerodynamic  Test  Data: 
Configuration  108  (Test  No.  E  13) 


Item 


Page 


Static  aerodynamic  data 
Tabulated 

Plotted  368 

Dynamic  stability  data 
Tabulated 
Plotted 


General  data 

Model  weight  ■  not  applicable 
Moment  of  inertia  >  not  applicable 


Description  of  componenta 

Nose  shape  *  1.0  caliber  ogive 

Tripper  =  none 

Fineness  ratio  *  4.0  caliber 

Stabilizer  ■  see  sketch 

Burble  fence  =  see  sketch 

Boattail  *  none 

Strakea  (8)  =  none 


Figure  232.  Model  Specifications  for  Configuration  109 


Static  aerodynamic  data 
Tabulated 
Plotted 

Dynamic  stability  data 
Tabulated 
Plotted 


General  data 

Model  weight 

■  not  applicable 

Moment  of  inertia 

■  not  applicable 

Description  of  components 

Nose  shape  ■ 

1.0  cal ibor  ogive 

Tripper  ■ 

nono 

Fineness  ratio  * 

4.0  caliber 

Stabilizer  = 

see  sketch 

Burble  fence  = 

see  sketch 

Boattail  * 

none 

Strakes  (8)  = 

none 

Figure  234.  Model  Specifications  for  Configuration  110 
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NORMAL  COEFFICIENT  CN 


m  - 
m  ' 


Item 

Page 

Static  aerodynamic  data 

Tabulated 

Plotted 

372 

Dynamic  stability  data 

Tabulated 

Plotted 

General  data 

Model  weight 

b  not  applicable 

Moment  of  Inertia 

b  not  applicable 

Description  of  components 

Nose  shape  » 

1.0  caliber  ogive 

Tripper  » 

none 

Fineness  ratio  * 

4.0  caliber 

Stabiliser  * 

see  sketch 

Burble  fence  = 

see  sketch 

Boattail  ■ 

none 

Strakee  (8)  ■ 

none 

Figure  236.  Model  Specifications  for  Configuration  111 
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Figure  238.  Model  Specifications  for  Configuration  112 
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12 


16 


ANGLE-OF-ATTACK  -  DEGREES 

Figure  239.  Graphic  Static  Aerodynamic  Teat  Datar 
Configuration  112  (Test  No.  E  17) 
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Static  aerodynamic  data 
Tabulated 

Plotted  376 

Dynamic  stability  data 
Tabulated 
Plotted 


General  data 

Model  weight  »  not  applicable 

Moment  of  inertia  *  not  applicable 


Description  of  component# 

Nose  shape  *  1.0  culibur 

Tripper  a  none 

Fineness  ratio  *  4.0  caliber 

Stabiliser  a  soe  sketch 

Burble  fence  a  see  sketch 

Boattail  -  none 

St  rakes  (8)  a  none 


o#ivc 


Remarks 


Figure  240.  Model  Specifications  for  Configuration  113 


for  Configuration  114 


Item 


Page 


Static  aerodynamic  data 
Tabulated 

Plotted  380 

Dynamic  stability  data 
Ta  bulated 
Plotted 


General  data 

Model  weight  =  nut  .ippl  i  cable 

Moment  of  inertia  =  not  applicable 

Description  of  components 

Nose  shape  =  1-0  caliber  njjive 

Tripper  =  none 

Fineness  ratio  =  4.0  caliber 

S  t  a  b  1 1 1 7.  r  see  sketch 

Burble  fence  -  ‘4ce  sketch 

Boatta.l  -  none 

Strakes  (8)  =  none 


Remarks 


Flgur,j  244.  Model  Specification  for  Confijsuration  115 
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NORMAL  COEFFI 


Item 

Page 

Static  aerodynamic  data 

Tabulated 

Plotted 

.382 

Dynamic  stability  data 

T  abulated 

Plotted 

.07  CAL 


1.5  CAL  1.53  CAL 


General  data 

Model  weight  =  not  applicable 
Moment  of  inertia  =  not  applicable 

Description  of  components 

Nose  shape  =  1.0  caliber  ocivc 

Tripper  =  none 

Fineness  ratio  =4.0  caliber 
Stabilizer  =  see  sketch 

Burble  fence  =  see  sketch 
Boattail  *  none 

Strakes  (8)  =  nono 


Figure  246.  Model  Specification  for  Configuration  116 
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Item 


Page 


Static  aerodynamic  data 
Tabulated 

Plotted  384 

Dynamic  stability  data 
T  abulated 
Plotted 


General  data 

Model  weight  a  not  applicable 

Moment  of  inertia  *  n0*  applicable 


Description  of  components 


Ncae  shape 
T  ripper 
f  inenesa  rati 
Stabiliser 
Burble  fence 
Boattail 
Strakes  (B) 


=  1.0  caliber 
=  none 

=  4 .  U  cal iber 
s  sco  sketch 
=  soc  sketch 
=  none 
=  none 


ogive 


Remarks 


Figure  248.  Model  Specification  for  Configuration  117 


Figure  250.  Model  Specifications  for  Configuration  118 


Item 

Page 

Static  aerodynamic  data 

Tabulated 

Plotted 

388 

Dynamic  stability  data 

Tabulated 

Plotted 

2  CAL 


2.0  CAL  2,2  CAL 


7.1ft  CAL 
3.06  CAL 


General  data 

Model  weight 

a  not  applicable 

Moment  of  inertia 

a  not  applicable 

Description  of  components 

Nose  shape  * 

1  .U  cal iber  ogive 

Tripper  = 

none 

Fineness  ratio  - 

4 . 0  ca 1 iber 

Stabilizer  = 

see  sketch 

Burble  fence  = 

soc  sketch 

Boattail  = 

none 

Strakes  (8)  * 

none 

emarki 


Figure  252.  Model  Specification  for  Configuration  119 
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Figure  254.  Effect  of  fineness  Ratio  on  Dynamic  Stability  of  Ballute  Stabilized 
Bomb:  1-1  2-Callber  Ballute,  V  100  Feet  per  Second 
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Finuro  255,  Effect  of  Fineness  Ratio  on  Dynamic  Stability  of  Ballute  Stabilized 
Bomb:  l  -l  2-Caliber  Ballute,  V  200  Feet  per  Second 
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Figure  256,  Effect  Dallute  Size  on  Dynamic  Stability  of  3.0-Caliber  Bomb 


Figure  257.  Effect  of  Ballute  Size  on  Dynamic  Stability  of  5.  O-C'allbev  Bomb 


DYNAMIC  STABILITY  DERIVATIVE,  C  +  C  ,  PER  RADIAN 


Figure  258.  Effect  of  Dallutr  Size  on  Dynamic  Stability  of  7.  0-Caliber  Bomb 
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Figure  259.  Effect  of  Ballute  Burble  Fence  Variables  on  Dynamic  Stabilit} 
of  5.  lib-C’aliber  Bomb 
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f/d  TYPE  FENCE 
7  2,01  CALIBER, 

SET  BACK  0.25  CAL 
5  2.01  CALIBER, 

SET  BACK  0.25  CAL 
3  2.01  CALIBER 

SET  BACK  0.25  CAL 

5.65  2.27  CALIBER 
SET  BACK  0.27  CAL 

5.65  2.24  CALIBER 

5.65  2.60  CALIBER 


V  -  100  FPS 

STABILI2FP  =  2.0  CALIBER 
BALi_uTE 


INITIAL  ANGLE  OF  ATTACK,  <»,NIT|AL  (DEGREES) 


Figure  260.  Combined  Effects  of  Fineness  Ratio  and  Burble  Fence  on  Dynamic 
Stability:  V  =  100  FPS,  Stabilizer  =  2.0-Caliber  Ballute 
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Figure  261.  Combined  Effects  of  Fineness  Ratio  and  Burble  Fence  on  Dynamic 
Stability:  V  200  FPS,  Stabilizer  2. 0~Caliber  Ballute 


Figure  262.  Effects  of  Boattail  Length  on  Dynamic  Stability:  V  =  100  FPS, 
2.  0-Caliber  Ballute  .f-'d  -  7.  7 
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Figure  263,  Effects  of  Doattail  Length  on  Dynamic  Stability: 

V  200  Feet  per  Second,  2.  0-Caliber  Ballute/  d  7.8 


Figure  264.  Effects  of  Boattail  Strakea  on  Dynamic  Stability:  1  -1/2-Callber 
Ballute.  1  -Caliber  Boat  tall,  /cl  7.7 
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Figure  266.  Effect  of  Various  Boattail  Characteristics  on  Dynamic  Stability 
V  =■  100  FPS,  1-1  '2-Caliber  Ballute 
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Figure  268.  Effect  of  Ballute  Size  on  Static  Aerodynamics  of 
3.  0-Caliber  Flat-Nosed  Bomb  with  1. 1  Caliber 
Trip  and  Ballute  Stabilizer  with  Fence 
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Figure  289,  Effect  of  Ballute  Size  on  Static  Aerodynamics 

of  5.0-Caliber  Flat-Nosed  Bomb  with  1.1-Caliber 
Trip  Ring  and  Ballute  Stabilizer  with  Fence 
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Figure  270.  Effect  oi:  Ballute  Size  on  Static  Aerodynamics 

of  7.0-Caliber  Flat-Nosed  Bomb  with  1,1-Caliber 
Trip  Ring  and  Ballute  Stabilizer  with  Fence 


Figure  271.  Effect  of  Fineness  Ratio  on  Static  Aerodynamics 
of  Flat-Nosed  Bomb  with  1.1-Caliber  Trip  Ring 
and  1.5-Caliber  Ballute  Stabilizer  with  Aft  Fence 
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Figure  272.  .  Effect  of  Fineness  Ratio  on  Static  Aerodynamics 

of  Flat-Nosed  Bomb  with  Trip  Ring  and  1.75  Caliber 
Ballute  Stabilizer  with  Aft  Fence 
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Figure  274.  Effect  of  Fineness  Ratio  on  Static  Aerodynamics 

of  Flat-Nosed  Bomb  with  1.1-Caliber  Trip  Riny  and 
2 . 27-Caliber  Ballute  with  Aft  Fence 
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Figure  275.  Effect  of  Burble  Fence  on  the  Static  Aerodynamics 

of  a  3.Q-Caliber  Flat-Nosed  Bomb  with  1.1-Caliber  Trip 
Ring  and  2.0-Caliber  Ballute  Stabilizer 
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figure  277.  Effect  of  Burble  Fence  on  the  Static  Aerodynamics 
of  a  7.0-Caliber  Modular  Bomb  and  2.0-Caliber 
Ballute 


Effect  of  Burble  Fence  on  static  Aerudy uumi 
of  Various  Size  Ballutca 
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Figure  278.  Effect  of  Burble  Fence  on  Static  Aerodynamics 
of  Various  Size  Ballutes  (Continued) 
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Figure  278.  Effect  of  Burble  Fence  on  Static  Aerodynamics 
of  Various  Size  Ballutes  (Concluded) 
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Figure  279. 


if feet  of  Small  Ballutes  on  Static  Aerodynamics  of 
ihort  Blunt  Configuration 
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Effect  of  Burble  Fence  Size  and  Location  on  the 
Static  Aerodynamics  of  a  5.65-Caliber  Flat-Nosed 
Bomb  with  1.1-Caliber  Trip  Ring  and  2.0- Caliber 
Ballute  Stabilizer 
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Effect  of  Strakes  at  1-2/3-Caliber  Boattail  on  the 
Static  Aerodynamics  of  a  2.  0-Caliber  Ogive-Nosed 
7.7-Caliber  Bomb  and  1-1/2-Caliber  Ballute  with 
1.79-Caliber  Pence 
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Figure  283.  Effect  of  Boattail  Length  without  Strakes  on  the 


Static  Aerodynamics  of  a  2.  0-Caliber  Ogive-Nosed 
7.7-Caliber  Bomb  and  2.  0-Caliber  Ballute  Stabilizer 


with  2. 27-Caliber  Fence 


Figure  284.  Effect  of  Boattail  Length  with  Full  Strakes  on  the 
Static  Aerodynamics  of  a  2.  0-Caliber  Ogive-Nosed  7.  7- 
Caliber  Bomb  and  1-1/2-Caliber  Ballute  Stabilizer 
with  1. ?'9-Caliber  Fence  , 
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Figure  285.  Configuration  Characteristics  Identification  Index 
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Figure  285.  Configuration  Characteristics  Identification  Index  (Continued) 
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Figure  285.  Configuration  Characteristics  Identification  Index  (Continued) 
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Figure  285  Configuration  Characteristics  Identification  Index  (Continued) 
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Figure  285.  Configuration  Characteristics  identification  Index  (Continued) 
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Distribution  limited  to  U.  S.  Government  agencies  only;  this  report  documents 
test  and  evaluation;  distribution  limitation  applied  April  1972  .  Other 

requests  for  this  document  must  be  referred  to  the  Air  Force  Armament  Laboratory 
(DLDL) ,  Eglin  Air  Force  Base,  Florida  32542. 
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One  hundred  and  nineteen  Bal lute-stabilized  bomb  configurations  were  studied 
to  determine  the  feasibility  of  ram  air-inflated  Ballutes  as  stabilisers  or 
decelerators  for  various  tactical  missions.  Both  subsonic  and  transonic  wind 
tunnel  tests  were  conducted  to  define  static  and  dynamic  aerodynamic 
aharacteristics. 
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